Energy remains a problematic topic in the pedagogic sphere. One main issue in high-school teaching is the lack of practical examples. Such demonstrations are the most effective way of imparting knowledge. This article discusses a new modern version of the Joule's experiment as a practical demonstration for Physics classes. It models the specific thermal capacity and the transformation of mechanical energy into heat energy. As such, it represents an approach for teaching thermodynamics. The goal of this research is to verify the functionality of the new apparatus and its optimization for use in practical experiments during high-school classes. One main acquisition is the application of the Joule's experiment in teaching Physics within a lesson and to provide a methodical procedure on how to operate the experiment in a school. This practical example may help teachers incorporate other experiments and use inquiry-based science education in their teaching programs.
Introduction
Input modules used in the measurements were a thermometer and optic gate. The thermometer had a scale from −20 °C to 120 °C. The optic gate recorded the number of the cylinder revolutions. The principle was the reaction on the interrupted optic path. The optic beam was interrupted by shield rotation.
Experimental Apparatus
The whole experiment (Figure 1 ) was conducted on the board that served as the supporting surface for the entire apparatus. The engine was connected to the voltage source, which rotated the cylinder. The plastic tape was situated around the cylinder and fixed on the top with a dynamometer and weighed down. The mass of the weight was changeable, with three masses of weight 0.5 kg, 1.0 kg, and 1.5 kg. The plastic tape managed friction as the cylinder was warming up. In this experiment, measurements were taken from two cylinders, a small brass cylinder with mass (m) of 0.640 kg and a large brass cylinder with mass of 1.290 kg. The cylinder needed fixing to the plastic cylinder where a temperature sensor was set. The temperature receiver was connected with an electric ISES thermometer. A dynamometer and optic gate were fixed to the stand with the optic gate connected with ISES. Measurements were taken from the optic gate, which was recording the number and frequency of revolutions. 
Results and Discussion
The study achieved the measurement and its evaluation for the verification of correctness of the experiment and on their base utilization the experiment in physics education. The main goals of this article were to measure and determine the equivalence of mechanical work and heat and to determine the specific thermal capacity of brass. The experiments involved a small cylinder of brass with a mass, m1(Mo), of 0.640 kg and an average (d) of 0.045 m. The large cylinder of brass had a mass (m2(Mo)) of 1.29 kg, average (d) the same as a small cylinder 0.045 m. The ISES created a dependence of temperature on times for weights of 0.5 and 1.0 kg (Figure 2 ) and 1.5 kg ( Table 2 ). The calculated data were compared with figures of the physical tables. Table 1 shows data for the small brass cylinder. Table 2 shows data for the large brass cylinder. With the apparatus operating for 2400 s (40 min), the results showed that heat dissipated during the experiment ( Figure 4 ). The small brass cylinder with a weight of about 1 kg mass showed the dependence of temperature on time at 100 s ( Figure 4 ). This dissipated during the measurement. The experiment after several runs was disconnected from the source. The specimen after disconnection was allowed to cool ( Figure 5 ). The results in Table 1 and 2 show work and heat are not precisely equal. This is due to various causes, for example, the impurity caused by dust. A clean plastic tape, cylinder, and thermometer's brass contacts on the plastic cylinder are needed for exact results by alcohol. It is necessary because dust impedes the smooth progress over time. The experiment was not situated in an isolated area and the heat
The result may have been influenced by the changing temperature in the classroom, the opening of a window, or running of the air-conditioner. By the nature of energy conservation law, these effects are valid resulting from the equivalence of mechanical work and heat. 
Application to the Education Process
The study aimed to design a teaching lesson with IBSE with a 'hands-on' Joule's experiment. It is important to include practical experimentation into the teaching of Physics because students observe that the experiments in practice can at times differ to that presented in the theory. From this, the students learn logical thinking. The textbooks for 2nd Year Secondary School Physics (Svoboda et al., 1985) describe an experiment within the laboratory exercise, based on the theoretical example of determining internal energy and mass-specific capacity. This present article provides an empiric IBSE procedure of knowledge, which is a new approach involving the Joule's experiment for teaching beyond a theoretical level. In this, the teacher uses questions oriented towards a hypothesis and then, asks the students to test the hypothesis by measurements in a demonstration component of the lesson. The second step focusses on the analysis and processing of the obtained data. The students deduce a conclusion and construct theoretical knowledge, at which point, it is necessary to discuss the result. The following example is related to the work of frictional forces in producing heat. 1. In the introduction lesson, the teacher describes both the historic and new Joule's experimental approaches and the motivation for performing the experiment. The teacher chooses and assigns the components of the experiment (Figure 1 ): dynamometer, thermometer, the source of electromotive force, cylinder, optical gate, and engine. 2. Which values are needed for calculating the heat and capacity of the materials? How is the work of the mechanical systems defined? Can you determine which path to take? Determine the diameter of the cylinder by using the movable meter. Calculate the radius of the cylinder and record the value. Determine the cylinder's mass by the scale and take note of the value. 3. Which components of the experimental apparatus are input modules?
Open the ISES program. Connect the thermometer to the input module A and the optic gate to the input module B. Pre-set 200 spins for the optic's gate and sample at 150 Hz. Click the imaging, panel č.1, A3 for the smoothing the curve of the graph line temperature. In the panel, number 2 choose OFF1 that is recording spins. 4. Think about how to configure the constant number of revolutions in the ISES program.
The optical gate B1 is marked with a function f (x). The function IFG (B1; 0.5; 1.0; 0) adjusts the signal. This function operates after the following instruction: If B1 exceeds 0.5, then it is 1, in other cases, it is 0. You are getting rectangle pulsation. After adjusting signal as an absolute value derive two peaks: ABS (X"/10). After that, every peak is summarized by an integral function. Then, divide that sum by two. This operation is necessary because up until to now the onset and drop of the signal of the cylinder's rotation were being considered. This part is realized by function: dx §/2. After adjusting all the functions, the correct number of revolutions, N, is derived. In this case, N is equal to 200 revolutions. 5. Which type of forces are considered in the mathematical definition of the work? Which forces occur in the experiment? Write these in the blue circle. Include the units of measure. 14. Calculate the amount of heat supplied to the brass cylinder for the measured values of temperature and the physical quantities detected, i.e. mass and capacity. 15. Next, predict how the temperature would increase depending on the same time duration when using an aluminum cylinder. Would the temperature increase be larger or smaller than the small brass cylinder? Write your assumption and verify by measurement. 16. What would be the amount of heat delivered to the aluminum cylinder compared to the small brass cylinder? Write your assumption and explain.
At the conclusion of the experiment, it is essential for the students to think independently and figure out the differences and various measurements. The teacher needs to summarize the essentials and the pupils' new concepts, laws, and relationships.
Conclusion
This study focused on performance, realization, and evaluation of measurements using a new version of Joule's experiment. The approach was oriented on verifying the correctness of the measuring apparatus, equality of work and heat, and the specific thermal capacity of the brass cylinder. The experiment demonstrated the elementary physical law of energy conservation. Based on worked examples, this experiment teaches the problematic of measuring heat. It is recommended that Joule's experiment is included in the teaching of physics and to increase the scope of experimentation in high schools. This article contributes to a proposal for the use of this experiment in teaching physics at high school.
